We derive tight Bell's inequalities for N > 2 observers involving more than two alternative measurement settings. We give a necessary and sufficient condition for a general quantum state to violate the new inequalities. The inequalities are violated by some classes of states, for which all standard Bell's inequalities with two measurement settings per observer are satisfied. DOI: 10.1103 One can expect that allowing the observers to choose between more than two observables should give more stringent constraints on LR models. Thus, new inequalities may extend the class of nonseparable states which cannot be described by LR variables. Violation of local realism is an important ingredient for building quantum information protocols that decrease the communication complexity [7] and is a criterion for the efficient quantum key distribution [8] . Multisetting Bell's inequalities may lead to such novel schemes.
problem as 4 4 2. Let A i with i 2 f1; 2; 3; 4g stand for the predetermined local realistic values for the first observer under the local setting i; B j with j 2 f1; 2; 3; 4g for similar values for the second observer, and C k with k 2 f1; 2g for the values for the third observer (for the given run of the experiment). We assume that A i , B j , and C k can take values 1 or ÿ1. Then the LR values satisfy the following algebraic identity: 
where S 0 k; l is any ''sign'' function, i.e., such that S 0 k; l 1. Since jA i j jB j j 1, only one term in Eq. (1) does not vanish, and its value is 4.
In an analogous way, one can define A 34;S 00 by replacing A 1 Bell's inequalities. We now show that the family of 2 12 inequalities can be reduced to a single ''generating'' one. This inequality will be obtained for nonfactorable sign functions S; S 0 ; S 00 . Below we show that the choice of a factorable sign function is equivalent to having a nonfactorable one, and some of the local measurement settings equal. Thus, one does not need to consider factorable sign functions; one obtains inequalities for such sign functions from the generating Bell's inequality by making some settings equal.
To show this consider function Sk; l as an example. In general Sk; l ak bkÿ1 l , with either ak 0 or bk 0, and jakj jbkj 1. If Sk; l is factor-able (i.e., of the form Sk; l s 1 (the front signs are free; those in the numerators have to be different for the two functions). Any other cases are obtainable by the sign changes X i ! ÿX i (X A; B; C). The generating Bell's inequality can be chosen as
Other inequalities can be obtained by making some settings equal. For example, the 3 3 2 ones can be obtained by choosing the settings 1 and 2 identical for the first two observers.
The method can be generalized for various choices of the number of parties and the measurement settings. Here we present the 2 Nÿ1 2 Nÿ1 2 Nÿ2 2 ones. Take the case of N 4 observers. We start with the identity (2). One can introduce a similar identity for the settings f5; 6; 7; 8g, for the first two observers, and f3; 4g, for the third one. 
where A 1234;12 and A 5678;34 depend on some three sign functions. One may apply this method iteratively, increasing the number of observers by one, to obtain inequalities involving an exponential (in N) number of measurement settings as given above.
The inequalities are tight.-We give the proof for the case of 4 4 2 inequalities. It can be adapted to all inequalities discussed here. The left-hand side of the identity (2) is equal to 16 for any combination of predetermined LR results. In a 32-dimensional real space, one can build a convex polytope, containing all possible LR models of the correlation functions for the specified settings, with vertices (generators) given by the tensor products of v A 1 ;A 2 ;A 3 ;A 4 B 1 ;B 2 ;B 3 ;B 4 C 1 ;C 2 . It has 256 different vertices. Tight Bell inequalities define the half-spaces in which is the polytope, which contain a face of it in their border hyperplane. If 32 linearly independent vertices belong to a hyperplane, this hyperplane defines a tight inequality. Half of the vertices saturate the inequality bounded by 16 
The necessary and sufficient condition for violation of multisetting Bell's inequalities.-To this end we first rederive the necessary and sufficient condition for violation of the CHSH inequality by an arbitrary two-qubit state [16] . The derivation uses certain mathematical ideas that are later applied in the analysis of more general cases. We use a decomposition of general mixed state of N qubits in terms of the identity operator 0 1 in the Hilbert space of individual qubits and the Pauli operators i for three orthogonal directions i 2 f1; 2; 3g, given by
The (real) coefficients T k 1 k N , with k j 1; 2; 3, form the correlation tensorT.
The full set of inequalities for the 2 2 problem is derivable from the identity (1) and reads X 
The quantum correlation function EÃ;B is given by the scalar product of the correlation tensorT with the tensor product of the local measurement settings represented by unit vectorsÃ B, i.e., EÃ;B Ã B T. Thus, the condition for a quantum state endowed with the correlation tensorT to satisfy the inequality (8) 
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where S; S 0 ; S 00 are some nonfactorable sign functions. The three-qubit quantum correlation functions EÃ i ;B j ;C k can be represented as Ã i B j C k T (with the same meaning of the symbols as before;T is now a three index tensor). Thus the condition for the 4 4 2 inequalities to hold, in the quantum case, transforms into jÂ 12;S 0 C 1 C 2 Â 34;S 00 C 1 ÿC 2 Tj 8;
where, e.g.,
To write down (11) we have used the freedom of introducing the sign changesX i ! ÿX i ; compare (6) . By defining 
whereT l is defined by T l ij P 3 k1 Cl k T ijk , where in turn Cl k is the kth component of vectorCl. Note that sinceC1 andC2 are orthogonal and normalized this procedure amounts to fixing of two (new) Cartesian axes for the third observer, and accordingly transforming the correlation tensor. SinceÂ 12;S 0 depends on different vectors thanÂ 34;S 00 , one can maximize the two terms separately. Furthermore, since the problem of maximization ofÂ nm;S T l is equivalent to the 2 2 case studied earlier, the overall maximization process gives the following necessary and sufficient condition for quantum correlations to satisfy the inequality:
When compared with the sufficient condition for 2 2 2 inequalities to hold [6] 
Obviously in a similar way one can reach analogous conditions for violation of 2 Nÿ1 2 Nÿ1 2 Nÿ2 2 inequalities by quantum predictions.
The new conditions lead to more stringent constraints on a LR description of quantum predictions than that for the standard inequalities. We now show some classes of states that violate multisetting Bell's inequalities, but for which all standard inequalities, as of Refs. [4 -6] are satisfied. As a measure of the violation we use the minimal amount of white noise that must be admixed to a quantum state for a conflict with LR prediction to disappear.
Generalized GHZ states: j i cosj00 0i sinj11 1i.-These states, although pure, satisfy all standard Bell's inequalities for correlation functions for sin2 1= 2 Nÿ1 p and N odd [17, 18] . Their nonvanishing correlation tensor components are (directions x; y; z are VOLUME 93, NUMBER 20 P
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